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Executive Summary 
Changes in the Input Data 

1) The 2005 fishery catch through Sept. 24, 2005 was incorporated in the model. 
2) The 2004 fishery catch and length compositions were updated. 
3) The 2005 GOA groundfish survey biomass estimate and length composition data were added to 

the model.  Survey biomass decreased from 99,297 t in 2003 to 80,537 t in 2005.  Survey biomass 
estimates and length compositions were recalculated for all survey years. 

 
Changes in the Assessment Model 
No changes were made to the model structure.   
 
Changes in the Assessment Results 

1) The recommended ABC, based on an F40% harvest level of 0.142, is 8,482 t for 2006 and 8,494 t 
for 2007. 

2) The OFL, based on an F35% harvest level of 0.184, is 10,764 t for 2006 and 10,778 t for 2007. 
3) Projected female spawning biomass is estimated at 41,922 t for 2006 and 42,262 t for 2007. 
4) Total biomass (age 3+) is estimated at 132,297 for 2006 and 134,079 t for 2007.   

 
SSC Comments Specific to the Dover Sole Assessments 
SSC comment: “The SSC noted inconsistencies in the presentation of material in the rex and Dover sole 
sections. Some material in the executive summary was not presented elsewhere in the section, citations to 
some references at the end of the section were missing, and inconsistencies between tables and data 
sources and years and text describing which years of data were used.  A section for data gaps and 
research priorities was in the Dover sole section but did not contain any material. 

Author response: We have endeavored to eliminate the inconsistencies noted. 
 
SSC comment: Tables of trawl survey estimates need to more clearly indicate depth ranges for each 
survey.”   

Author response: We have added a column of depth ranges to the tables of trawl survey estimates. 
 
SSC Comments on Assessments in General 
SSC comment: The SSC requested that “stock assessment authors exert more effort to address each item 
contained in” a previously-defined list of items to be included in each SAFE chapter at its December 2004 
meeting 

Author response: We have endeavored to incorporate the list of requested items in the current 
SAFE chapter. 

 
SSC comment: The SSC encouraged authors to consider adding more detailed ecosystem consideration 
information in the flatfish chapters and exploring survey catchability and temperature relationships. 

Author response: This was not feasible because a new principal author assumed responsibility for 
the SAFE chapter this year. However, the author will make every endeavor to do so during the 
next year. 



Introduction 
Dover sole (Microstomus pacificus) occur from Northern Baja California to the Bering Sea and the 
western Aleutian Islands; they exhibit a widespread distribution throughout the Gulf of Alaska (Miller 
and Lea, 1972; Hart, 1973) .  Adults are demersal and are mostly found at depths from 300 m to 1500 m. 
 
Dover sole are batch spawners; spawning in the Gulf of Alaska has been observed from January through 
August, peaking in May (Hirschberger and Smith, 1983). The average 1 kg female may spawn it 83,000 
advanced yolked oocytes in about 9 batches (Hunter et al., 1992). Although the duration of the incubation 
period is unknown, eggs have been collected in plankton nets east of Kodiak Island in the summer 
(Kendall and Dunn, 1985).  Larvae are large and have an extended pelagic phase that averages about 21 
months (Markle et al., 1992). They have been collected in bongo nets only in summer over mid-shelf and 
slope areas in the Gulf.  The age or size at metamorphosis is unknown, but pelagic postlarvae as large as 
48 mm have been reported and juveniles may still be pelagic at 10 cm (Hart, 1973).  Juveniles less than 
25 cm are rarely caught with the adult population in bottom trawl surveys (Martin and Claussen, 1995). 
 
Dover sole move to deeper water as they age and older female Dover sole may have seasonal migrations 
from deep water on the outer continental shelf and upper slope where spawning occurs to shallower water 
mid-shelf in summer time to feed (tagging data from California to British Columbia, Demory et al. 1984, 
Westrheim et al. 1992). Older male Dover sole may also migrate seasonally but to a lesser extent than 
females. The maximum observed age for Dover sole in the Gulf of Alaska is 54 years. 
 
Fishery 
Flatfish species in the Gulf of Alaska have been managed as a unit that includes the major species 
inhabiting the region except for Pacific halibut: arrowtooth flounder, flathead sole, northern and southern 
rock sole, rex sole, Dover sole, yellowfin sole and starry flounder.  In 1990, the North Pacific Fisheries 
Management Council  divided the flatfish assemblage into four categories for management: arrowtooth 
flounder, flathead sole, “shallow water flatfish” and “deep water flatfish”.  The first two of these are 
single species, while the latter two are species complexes.  Dover sole was placed in the “deep water 
flatfish” group, along with rex sole (Glyptocephalus zachirus), Greenland turbot (Reinhardtius 
hippoglossoides) and deep-sea sole (Embassichthys bathybius).  The action by the Council was taken 
because of the significant difference in halibut bycatch rates in the directed fisheries targeting deep-water 
and shallow-water flatfish.  In 1993, the Council removed rex sole from the deep-water management 
category due to concerns over bycatch of Pacific ocean perch in the rex-sole target fishery, and the deep-
water flatfish  complex comprises the remaining three species: Dover sole, Greenland turbot and deep-sea 
sole.  Within the complex, Dover sole is by far the biomass dominant in the catch, accounting for 
typically 98% of the total catch in biomass. 
 
Since passage of the MFMCA in 1977, the flatfish fishery in the Gulf of Alaska has undergone substantial 
changes.  Until 1981, annual harvests of flatfish were around 15,000 t, taken primarily as bycatch by 
foreign vessels targeting other species.  Foreign fishing ceased in 1986 and joint venture fishing began to 
account for the majority of the catch.  In 1987, the gulf-wide flatfish catch increased nearly fourfold , with 
joint venture fisheries accounting for all of the increase.  Since 1988, only domestic fishing fleets are 
allowed to harvest flatfish.  As foreign fishing ended, catches decreased to a low of 2,441 t in 1986.  
Catches subsequently increased under the joint venture and then domestic fleets to a high of 43,107 t in 
1996.  Catches then declined to 23,237 t in 1998 and were 22,700 t in 2004. 
 
Focusing mode specifically now on Dover sole, in the Gulf of Alaska this species is caught in a directed 
fishery using bottom trawls.  Fewer than 20 shore-based catcher-type vessels participate in this fishery, 
together with about 6 catcher-processor vessels. Recruitment to the fishery begins at about age 10.  



Fishing seasons are driven by seasonal halibut PSC apportionments, with fishing occurring primarily in 
April and May because of higher catch rates and better prices. 
 
Dover sole are also caught in pursuit of other bottom-dwelling species as bycatch.  They are caught as 
bycatch in Pacific cod, bottom pollock and other flatfish fisheries, and are caught along with these species 
in the deep-water flatfish-directed fishery.  The gross discard rate for Dover sole over all fisheries in 2004 
was 21%, a decrease from 50% in 2003. 
 
Historically, catches of Dover sole increased dramatically from a low of 23 t in 1986 to a high of almost 
10,000 t in 1991 (Table 4a.1, Figure 4a.1).  Following that high, catches have declined rather steadily, 
with perhaps a 6-year cycle imposed on the overall trend.  The catch in 2005 (400 t as of Sept. 24) is the 
lowest since 1987. 
 
Annual catches of Dover sole have been well below TACs in recent years, although the population 
appears to be capable of supporting higher exploitation rates (Table 4a.2).  Limits on catch in the deep-
water flatfish complex are driven by within-season closures of the directed fishery due to restrictions on 
halibut PSC, not attainment of the TAC (Table 4a.3).  
 
Data 

Fishery Data 
This assessment uses fishery catches from 1984 through 24 September, 2005 (Table 4a.1; Figure 4a.1), as 
well as estimates of the proportion of individuals caught by length group and sex for the years 1985-2005 
(Table 4a.4).  Sample sizes for the size compositions are shown in Table 4a.5. 

Survey Data 
Because Dover sole is often taken incidentally in target fisheries for other species, CPUE from 
commercial fisheries seldom reflects trends in abundance for this species.  It is therefore necessary to use 
fishery-independent survey data to assess the condition of this stock. 
 
This assessment uses estimates of total biomass for Dover sole in the Gulf of Alaska from triennial (1984-
1999) and biennial (2001-2005) groundfish surveys conducted by the Alaska Fisheries Science Center’s 
Resource Assessment and Conservation Engineering (RACE) Division to provide indices of population 
abundance (Table 4a.6; Figure 4a.2).  Survey coverage in both depth range and geographical area has 
varied among years and requires careful consideration of the survey results (Tables 4a.7-8).  Survey 
coverage was limited to less than 500 m depths in 1990, 1993, 1996 and 2001 but extended to 1000 m in 
1984, 1987, 1999 and 2005 (the survey extended to 700 m in 2003).  In 2001, the survey was not 
conducted in the eastern portion of the Gulf of Alaska.  Turnock et al. (2003a) developed correction 
factors to scale “raw” survey results for differences in availability caused by differences in survey 
coverage, and both uncorrected and corrected estimates are presented in Table 4a.6.   On average, about 
18% of Dover sole biomass is at depths greater than 500 m, while the eastern portion of the Gulf accounts 
for nearly 50% of the biomass (Turnock et al., 2003a; Tables 4a.7-8). 
 
Since 1984, survey estimates of total biomass have fluctuated about a mean of ~87,000 t.  After starting 
relatively low at 68,000 t in 1984, the survey-estimated biomass jumped to a maximum of 117,000 t 
(corrected for availability) in 1990, followed by declining estimates through the rest of the decade.  
Survey biomass increased to 99,000 t in 2003.  The estimated survey biomass was 80,537 t in 2005, about 
20% smaller than the 2003 estimate. 
 



Estimates of age and size composition from the RACE surveys were also incorporated in the assessment 
model.  Estimates of numbers-at-age were available for 1993, 1996, 1999 and 2001 (Table 4a.9).  
Estimates of the numbers-by-length group were available for each survey year, but were used only when 
age composition data was not available (1987, 1990, 1999, 2001 and 2005; Table 4a.10).  Sample sizes 
for the age and size compositions are shown in Table 4a.5. 
 
Analytic Approach 

Model structure 
The assessment was conducted using a split-sex, age-structured model with parameters evaluated in a 
maximum likelihood context.  The model structure (Appendix A) was developed following Fournier and 
Archibald’s (1982) methods, with many similarities to Methot (1990).  We implemented the model using 
automatic differentiation software developed as a set of libraries under C++ (ADModel Builder).  
ADModel Builder can estimate a large number of parameters in a non-linear model using automatic 
differentiation software extended from Greiwank and Corliss (1991) and developed into C++ class 
libraries.  This software provides the derivative calculations needed for finding the minimum of an 
objective function via a quasi-Newton function minimization routine (e.g., Press et al. 1992).   It also 
gives simple and rapid access to these routines and provides the ability to estimate the variance-
covariance matrix for all parameters of interest.   
 
Age classes included in the model run from age 3 to 40.  Age at recruitment was set at 3 years in the 
model due to the small number of fish caught at younger ages.  The oldest age class in the model, age 40, 
serves as a plus group in the model; the maximum age of Dover sole based on otolith age determinations 
has been estimated at 54 years (Turnock et al., 2003).  Details of the population dynamics and estimation 
equations, description of variables and likelihood components are presented in Appendix A (Tables A.1, 
A.2, and A.3).  Model parameters that are typically fixed are presented in Table A.4.  A total of 97 
parameters were estimated in the final model (Table A.5).  
 

Parameters estimated independently 
Model parameters related to natural mortality, growth, weight, maturity and survey catchability (Table 
A.4) were fixed in the final model. 
  
Natural mortality 
As in the previous assessment (Turnock et al., 2003a), natural mortality (M) was fixed at 0.085 yr-1 for 
both sexes in all age classes.  This estimate was based on Hoenig’s (1983) method and a maximum 
observed age of 54 years. 
  
Growth 
Mean length-at-age, Lt, was modeled as:  
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Survey age and length data from 1984, 1993, 1996, 1999 and 2001 were used to estimate the parameters.  
Linf was estimated at 51.51 cm for females and 42.42 cm for males (Figure 4a.4).  The growth parameter k 
was estimated at 0.127 for females and 0.195 for males, while t0 was -2.66 for females and -1.97 for 
males. 
 
The estimated length-at-age relationship was used to convert model age compositions to estimated size 
compositions, based on sex-specific age-length transition matrices (Table 4a.11).  The transition matrices 
used were identical to those used in the previous assessment (Turnock et al., 2003a).   

 



Weight-at-length 
The weight-length relationship used for Dover sole was identical to that used in the previous assessment 
(Turnock et al., 2003a): W = 0.0029 L 3.3369 for both sexes (weight in grams and length in centimeters; 
Abookire and Macewicz, 2003). Weight-at-age (Table 4a.12) was estimated using the mean length-at-age 
and the weight-length relationship.  
 
Maturity 
The maturity schedule for Gulf of Alaska Dover sole was estimated using histological analysis of 
ovaries collected in 2000 and 2001 (Abookire and Macewicz, 2003; Table 4a.12).  A total of 273 samples 
were analyzed for estimation of age at maturity.  Size at 50% mature was estimated to be 43.9 cm with a 
slope of 0.62 cm-1 from a sample of 108 fish.  Age at 50% mature was 6.7 years with a slope of 0.880 yr-1.  
Minimum-age at-maturity was 5 years. 
  
Survey catchability 
For the assessment, survey catchability (Q in Table A.1) was fixed at 1.  An alternative model with Q 
allowed to vary was explored, but estimability was poor (see below). 

Parameters estimated conditionally 
A total of 97 parameters were estimated in the final model (Table A.5).  These consist primarily of 
parameters on the recruitment of Dover sole to the population (60 parameters total, including ones 
determining the initial age composition) and values related to annual fishing mortality (23 parameters 
total).   
 
The separable age-component of fishing mortality was modeled using a two parameter ascending logistic 
function estimated separately for males and females (4 parameters total).  The same form of curve was 
also used to estimate relative age-specific survey selectivity.  However, two sets of curves were 
estimated: one set corresponding to surveys with full depth coverage (> 500 m) and the second set 
corresponding to surveys that only sampled shallow (1-500 m) areas.  Thus, 8 parameters were used to 
estimate survey selectivity. 
 
Annual recruitment to the age 3 year class was parameterized in the model using one parameter for the 
log-scale mean recruitment and 40 parameters for the annual log-scale deviation from the mean.  
Recruitments were estimated back to 1947 to provide an initial age distribution for the model in its 
starting year (1984).  In an analogous fashion, fully-recruited fishing mortality was parameterized in the 
model using one parameter for the log-scale mean and 22 parameters for the annual log-scale deviation 
from the mean.   
 
Parameters in the model were selected based on minimizing an objective function equivalent to a negative 
log-likelihood function, hence the parameter estimates are maximum likelihood estimates.  Components 
that contribute to the overall (-log) likelihood include those related to observed fishery catches, fishery 
size compositions, survey biomass estimates, survey size compositions, survey age composition, and 
recruitment deviations (Table A.3).  The observed fishery catch was assumed to have a lognormal error 
structure, as was estimated survey biomass.  The size and age compositions were assumed to be drawn 
from different sex-specific multinomial distributions.  The recruitment deviation parameters were 
incorporated directly into the overall likelihood via three components: “early” recruitment, “ordinary” 
recruitment and “late” recruitment (Table A.3).  This allows different weights in the likelihood function to 
be for recruitment estimates that are not well observed in the data (i.e., recruitments prior to the model 
period or the most recent ones).  The “early” recruitment component incorporated deviations from 1947 to 
1983 (i.e., prior to the modeled age structure), “ordinary” recruitment incorporated deviations from 1984-
2002 and “late” recruitment incorporated deviations from 2003-2005.  All three components were 
formulated assuming a lognormal error structure.   



 
Different weights can be assigned to each likelihood component to increase or decrease the relative 
degree of model fit to the data underlying the respective component; a larger weight induces a closer fit to 
a given likelihood component.  Typically, a relatively large weight (e.g., 30) is applied to the catch 
component while smaller weights (e.g., 1) are applied to the survey biomass, recruitment, and size and 
age composition components.  This reflects a belief that total catch data are reasonably well known 
(smaller variance) than the other types of data.  For the recruitment components, larger weights applied to 
a component force the deviations contributing to that component closer to zero (and thus force 
recruitment closer to the geometric mean over the years that contribute to the component). 
 

Model evaluation 
In performing this assessment, we considered several alternative model configurations.  To establish a 
baseline for the contrast among likelihood weights, we assigned a weight of 1 to the survey biomass 
component (Table 4a.13).  We also assigned a weight of 1 to the survey age composition and “normal” 
recruitment components.  Model-predicted length compositions are not expected to fit the data as well as 
age compositions should due  to the inherent “smearing” of ages among length bins inherent in the use of 
age-length transition matrices to convert from age to length compositions.  The length composition-
associated components (fishery and survey) were thus assigned weights of 0.5, down-weighting their 
importance relative to the survey biomass and age composition fits.  We assigned higher weights (2 and 3, 
respectively) to the “early” and “late” recruitment components to keep the associated recruitments close 
to the long-term median, but allowed more variation in the “normal” recruitment constituents by 
assigning the associated likelihood component a weight of 1.  Finally, we assigned a weight of 30 to the 
catch-specific likelihood component to assure a close fit between model-predicted and input catch values, 
under the assumption that catch is measured with little uncertainty.   
 
Based on results from the 2003 assessment which indicated that estimating survey catchability was 
problematic, we also fixed survey catchability as a constant in the model (Q =1).  Initial values for the 
remaining parameters were set as listed in Table 4a.14.  To test whether the resulting model solution 
(Table 4a.15) was indeed a global, rather than local, maximum on the likelihood surface, we conducted a 
Markov Chain Monte Carlo (MCMC) study using ADModel Builder’s built-in MCMC capability in 
which we evaluated the likelihood at 1000 different parameter combinations and compared the resulting 
values with that from the model solution.  The results of this study indicated that the model solution was 
in fact a global maximum.  We further tested the convergence of the solution by starting the model with 
several different parameter sets (Table 4a.15).  Model runs 1 and 2 converged to the same final solution as 
the baseline case, providing additional evidence that the original solution was indeed the global 
maximum.  Model run 3 resulted in estimates at the lower bounds of several parameters and was 
considered unreliable. 
 
In addition to the baseline case, we reconsidered the case in which Q was allowed to vary (between 0.1 
and 10), rather than being fixed at 1.  All other settings were identical to the baseline case. This resulted, 
as in the 2003 assessment, in Q being driven to its lower limit—an unacceptable result indicating that Q 
was not estimable given the data.  Consequently, we have chosen to follow previous assessments and use 
the baseline case with Q fixed at 1. 

Final parameter estimates 
The parameter estimates considered final for this assessment are given in Table 4a.15 for all model 
parameters. 



Schedules implied by parameter estimates 
The estimated selectivity curves for the fishery and surveys are shown in Figure 4a.5.  For the fishery, the 
selectivity curves rise extremely steeply and approximate knife-edge selection.  The age at 95% selection 
is 13.5 for females and  11.0 for males. 
 
The selectivity curves estimated for the two survey types (shallow and full coverage) differ from those of 
the fishery, as well as from one another (Figure 4.a5).  For both survey types, recruits (age 3) of either sex 
are 20% selected.  For the shallow survey type, selectivity for males increases rapidly with age—age at 
95% selection is 6—while it increases much less rapidly for females—age at 95% selection is 25.6.  For 
the full coverage survey type, selectivity increases slowly with age for both sexes—age at 95% selection 
is 34.9 for males and 43.4 for females.  Similar results were obtained in the 2003 assessment (Turnock et 
al., 2003a). 
 
Results 
Given the large relative weight assigned to the catch-specific likelihood component, it was not surprising 
that the model estimates of fishery catch closely matched the observed values (Table 4a.16 and Figure 
4a.6).  The model did not fit the fishery size compositions nearly as well, although its performance 
appeared to be reasonably good in most years (Figures 4a.7-8 for females and males, respectively).  Fits 
to the fishery size compositions were poorest when the observed size composition was dominated by a 
single size class and thus sharply peaked (e.g., 1991 in Figure 4a.7).  The smoothing inherent in using an 
age-length transition matrix to convert age classes to size classes precludes close fits to peaked size 
compositions. 
 
The model does not fit observed survey biomass values as closely as it does the catch (Table 4a.16 and 
Figure 4a.9).  The model overestimates survey biomass in the early portion of the time series (1984-1996) 
and underestimates it in the latter portion (2003-2005).   
 
As with the fishery size compositions, model fits to the survey size compositions were poorest when the 
observed size compositions were sharply peaked, but still generally reasonable (Figures 4a.10-11).  
Finally, the model also fits the survey age composition reasonably well (Figures 4a.12 -13), although 
more so at younger ages (less than 20).  The model appears to mainly underestimate the size fraction at 
older ages.  Part of the lack of fit at older ages may be due to the 5-year age bins used for ages > 20.  
 
The model also estimates other population variables of interest, such as time series of total biomass, 
spawning biomass, recruitment and fully-selected fishing mortality.  In this assessment, total biomass is 
represented by age 3+ biomass and spawning biomass is female spawning biomass.  Model estimates 
indicate that total biomass began relatively high in the 1980s (~170,000 t) but declined gradually through 
the 1990’s, reaching a low of 115,000 t in 2001 (Table 4a.17 and Figure 4a.14). Since 2001, total biomass 
appears to be increasing moderately and is estimated at 130,000 t for 2005.  Total biomass estimated in 
this assessment agrees well with that from the 2003 assessment in the 1980’s, but the estimates diverge 
for more recent years.  The biomass estimated in the current assessment is always higher than that from 
the 2003 assessment—for 2003, the current assessment’s estimate of total biomass is 28% larger than that 
in the 2003 assessment.  
 
Model estimates of spawning biomass show a pattern somewhat different from that of total biomass 
(Table 4a.17, Figure 4a.14).  Spawning biomass increased somewhat through the 1980’s and peaked in 
1991 at 64,000 t. Subsequently, spawning biomass has steadily declined; the estimate for 2005 (42,000 t) 
is the lowest in the model time period, corresponding to a decrease of 34% from the maximum in 1991.  
When compared with the 2003 assessment, estimated female spawning biomass is consistently higher in 
this assessment—but not to the extent that total biomass was higher. 



 
The temporal patterns of recruitment estimated by the model were quite similar to those from the 2003 
assessment, although average recruitment from 1984-2003 was 39% higher in the current model.  Model 
estimates of annual recruitment (age 3 numbers) ranged from a low of 7 million in 1995 to a high of 45 
million in 2002 (Table 4a.18, Figure 4a.15).  Turnock et al. (2003a) suggested that the 2003 survey length 
compositions indicated a potentially large recruitment event which may also have been reflected by the 
increase in survey biomass from 2001 to 2003 (77,200 [corrected for availability] and 99, 297 t, 
respectively; Table 4a.6).  However, the uncertainty associated with the 2002 recruitment estimate was 
large as well (the cv for the estimate was 0.66).  This may reflect competing influences in the data, since 
there is little indication of a strong 2002 recruitment in the 2005 survey length composition (Figures 
4a.10-11) or the 2005 survey biomass, which declined  to close to the 2001 level (Table 4a.6).  Further 
data is required to confirm or repudiate the model’s estimate. 
 
A control rule plot showing the temporal trajectory of estimated fishing mortality and spawning biomass 
indicates that the GOA Dover sole stock has not been overfished nor has overfishing occurred (Figure 
4a.16).  Based on the trajectory, the stock does not appear to have been overfished or to have experienced 
overfishing in the past. 
 
Although we regarded the preceding as the “accepted model” (AM), we were also concerned regarding 
the large uncertainty associated with the recruitment estimated for 2002 (the largest in the time series) and 
its implications for future harvests.  As a precautionary measure, we reran the model with the 2002-2005 
recruitments constrained to be near the long-term median to evaluate the effect of the estimated high 
recruitment on our assessment.  Results from this “constrained recruitment” model (CRM) were similar to 
those from our “accepted model” except, largely, for the constrained recruitments themselves (Figures 
4a.17-18).  The values of F40% and F35% for the CRM were identical to those of the AM because these 
were derived from a “per recruit” analysis that does not depend on the total number of recruits.  Because 
mean recruitment was reduced in the CRM relative to the AM (by 8% in the mean), the CRM estimates 
for B40% and B35% are comparatively reduced, as well.  The projected catch in 2006 assuming fishing at 
F40% (FmaxABC) is nearly identical for the two models (8,482 t for the AM and 8,493 t for the CRM).  Over 
the near-term (2-3 years), projected population trajectories under the AM and CRM were similar because 
the substantial difference between the two models is the presence/absence of high recruitment in 2002-
2003—and it will take several years before these recruits would appear in the fishery or in the spawning 
biomass.  In the meantime, another groundfish survey will be conducted in 2007; the results from this 
survey should allow us to increase the precision in the size of the age class that recruited in 2003. 
 
Projections and Harvest Alternatives 
The reference fishing mortality rate for Dover sole is determined by the amount of reliable population 
information available (Amendment 56 of the Fishery Management Plan for the groundfish fishery of the 
Bering Sea/Aleutian Islands).  Estimates of F40%, F35%, and SPR40% were obtained from a spawner-per-
recruit analysis.  An estimate of B40% can be calculated as the product of SPR40% times the equilibrium 
number of recruits.  Assuming that the average recruitment from the 1984-2005 year classes estimated in 
this assessment represents a reliable estimate of equilibrium recruitment, then B40% is 21,607 t for the AM 
and 19,940 for the CRM.  The estimated 2006 spawning stock biomass is nearly identical for the two 
models: 41,922 t for the AM and 41,959 for the CRM.  Since reliable estimates of the 2006 spawning 
biomass (B), B40%, F40%, and F35% exist and B>B40% (41,922 t > 21,607 t ), the Dover sole reference fishing 
mortality is defined in Tier 3a.  For this tier, FABC is constrained to be ≤ F40%, and FOFL is defined to be 
F35%.  The values of these quantities are:  
 
 
 



 
 
 

Quantity Accepted Model Constrained 
Recruitment Model 

2006 SSB 
estimate (B) 41,922 t 41,959 

B40% 21,607 t 19,940 
F40% 0.142 0.142 
FABC 0.142 0.142 
B35% 19,906 t 17,448 
F35% 0.184 0.184 
FOFL 0.184 0.184 

 
Because the Dover sole stock has not been overfished in recent years and the stock biomass is relatively 
high, we do not recommended to adjust FABC downward from its upper bound.   
 
The maximum ABC for 2006 was essentially the same for both the AM and CRM: 8,482t and 8,493 t, 
respectively.  In the interest of applying a consistent cautionary approach, we chose the lower value of 
8,482 t as our recommended ABC.  Similarly, the 2006 OFL was nearly identical for the two models: 
10,764 t for the AM and 10,778 t for the CRM. 
 
A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56.  
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). 
 
For each scenario, the projections begin with the vector of 2005 numbers at age estimated in the 
assessment.  This vector is then projected forward to the beginning of 2006 using the schedules of natural 
mortality and selectivity described in the assessment and the best available estimate of total (year-end) 
catch for 2005.  In each subsequent year, the fishing mortality rate is prescribed on the basis of the 
spawning biomass in that year and the respective harvest scenario.  In each year, recruitment is drawn 
from an inverse Gaussian distribution whose parameters consist of maximum likelihood estimates 
determined from recruitments estimated in the assessment.  Spawning biomass is computed in each year 
based on the time of peak spawning and the maturity and weight schedules described in the assessment.  
Total catch is assumed to equal the catch associated with the respective harvest scenario in all years.  This 
projection scheme is run 1000 times to obtain distributions of possible future stock sizes, fishing mortality 
rates, and catches. 
 
Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE.  These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2006, are as follow (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56): 
 

Scenario 1:  In all future years, F is set equal to max FABC.  (Rationale:  Historically, TAC has 
been constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 

 
Scenario 2:  In all future years, F is set equal to a constant fraction of max FABC, where this 
fraction is equal to the ratio of the FABC value for 2006 recommended in the assessment to the max 



FABC for 2006.  (Rationale:  When FABC is set at a value below max FABC, it is often set at the value 
recommended in the stock assessment.) 

 
Scenario 3:  In all future years, F is set equal to 50% of max FABC.  (Rationale:  This scenario 
provides a likely lower bound on FABC that still allows future harvest rates to be adjusted 
downward when stocks fall below reference levels.) 

 
Scenario 4:  In all future years, F is set equal to the 2001-2005 average F.  (Rationale:  For some 
stocks, TAC can be well below ABC, and recent average F may provide a better indicator of FTAC 
than FABC.) 

 
Scenario 5:  In all future years, F is set equal to zero.  (Rationale:  In extreme cases, TAC may be 
set at a level close to zero.) 

 
The recommended FABC  and the maximum FABC  are equivalent in this assessment, so scenarios 1 and 2 
yield identical results.  The 12-year projections of the mean harvest, spawning stock biomass and fishing 
mortality using the AM results for the five scenarios are shown in Table 4a.19-21.  
 
Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether the Dover 
sole stock is currently in an overfished condition or is approaching an overfished condition.  These two 
scenarios are as follows (for Tier 3 stocks, the MSY level is defined as B35%): 
 

Scenario 6:  In all future years, F is set equal to FOFL.  (Rationale:  This scenario determines 
whether a stock is overfished.  If the stock is expected to be above its MSY level in 2006, then the 
stock is not overfished.) 

 
Scenario 7:  In 2006 and 2007, F is set equal to max FABC, and in all subsequent years, F is set 
equal to FOFL.  (Rationale:  This scenario determines whether a stock is approaching an overfished 
condition.  If the stock is expected to be above its MSY level in 2018 under this scenario, then the 
stock is not approaching an overfished condition.) 

 
The results of these two scenarios indicate that the Dover sole stock is not overfished and is not 
approaching an overfished condition (Tables 4a.19-21). With regard to assessing the current stock level, 
the expected stock size in the year 2006 of scenario 6 is 2.1 times its B35%  value of 19,906 t, thus the 
stock is not currently overfished.  With regard to whether the stock is approaching an overfished 
condition, the expected spawning stock size in the year 2018 of scenario 7 (22,727 t) is greater than its 
B35%  value; thus, the stock is not expected to fall below MSY within two years.  Similar conclusions were 
obtained from projections using the CRM results. 
 
Estimating an ABC and OFL for 2007 is somewhat problematic as these values depend on the catch that 
will be taken in 2006.  The actual catch taken in the GOA Dover sole fishery has been substantially 
smaller than the TAC for the past several years, and the 2005 catch was the smallest in recent years.  To 
be conservative, we assumed that a reasonable estimate of the catch to be taken in 2006 was the five-year 
average of recent catches (624 t).  Using this value and the estimated population size at the start of 2006 
from the MA or CRM, we projected the stock ahead through 2006 and calculated the ABC and OFL  for 
2007.   
 
The 2007 ABC and OFL were nearly identical for the AM and CRM, as they were for 2006.  The 
maximum ABC for 2007 was estimated to be 8,494 t using the AM and 8,504 t using the CRM.  The OFL 
was estimated to be 10,778 using the AM and 10,792 t using the CRM.  Age 3+ biomass for 2007 was 
estimated at 134,076 t for the AM and 123,491 t for the CRM.  Female spawning biomass was estimated 



at 42,262 t using the MA and 42,236 t using the CRM.  Applying the same precautionary approach we 
used to recommend the 2006 ABC and OFL, we adopted the lower ABC and OFL for 2007 obtained 
using the AM.  Thus, our recommended ABC for 2007 is 8,494 t and OFL is 10,778 t. 

ABC allocation by management area 
TAC’s for Dover sole in the Gulf of Alaska are divided among four smaller management areas (Western, 
Central, West Yakutat and Southeast Outside).  Similar to the 2003 assessment, the area-specific ABC’s 
for Dover sole in the GOA are divided up over the four management areas by applying the fraction of 
2005 survey biomass estimated for each area (relative to the total over all areas) to the 2006 and 2007 
ABC’s.  The area-specific allocations for 2006 and 2007 are: 

  ABC Allocation by Management Area (t) 

Year Western Central 
West  

Yakutat 
Southeast  
Outside 

Total 
ABC 

2006 298 4,095 2,652 1,437 8,482 
2007 299 4,101 2,655 1,439 8,494 

 
 
Ecosystem Considerations 

Ecosystem effects on the stock 
Dover sole commonly feed on polychaetes worms, pelecypod and scaphapod mollusks, shrimp and brittle 
stars (Buckley et al., 1999).  Trends in prey abundance for Dover sole are unknown. 
 
Important predators include Pacific cod and most likely arrowtooth flounder.  Arrowtooth flounder are 
currently the most abundant groundfish in the Gulf of Alaska, and have steadily increased in abundance 
since the early 1970’s  (Turnock et al., 2003b).  Pacific cod abundance in the Gulf of Alaska has been 
declining since 1990 (Thompson et al., 2004).  Although the continued increase in abundance of 
arrowtooth flounder may be cause for concern, the abundance of Dover sole appears to be increasing in 
recent years, as well.  Predation by arrowtooth may be limiting the potential rate of increase of Dover sole 
under current conditions, but it does not appear to represent a threat to the stock. 

Fishery effects on ecosystem 
Small amounts of prohibited species such as halibut and crab are taken in the Dover sole-directed fishery.  
In 2004, the overall halibut PSC rate for the directed fishery was 218 kg halibut/t flatfish—an increase 
from the 2003 rate of 105.  The PSC rate for salmon in the 2004 directed fishery was essentially 0 
salmon/t flatfish (only 2 salmon were caught), a decrease from 1.92 salmon/t flatfish in 2003 (631 salmon 
caught).  Crabs were not taken in the fishery in either 2003 or 2004. 
 
Catches of Dover sole have been concentrated along the shelf edge east and southeast of Kodiak Island in 
the Gulf of Alaska over the past few years (Figure 4a.19). 
  
Effects of discards and offal production on the ecosystem are unknown for the Dover sole fishery. 

Data gaps and research priorities 
The amount of age data for Dover sole in the Gulf of Alaska available from the groundfish survey is 
minimal, at best, and nonexistent from the fishery.  Additional age data should improve future stock 
assessments by allowing improved estimates of individual growth and age-length transition matrices, and 
by filling in missing years with age composition data. 
 



Further modeling research should address the use of length-based approaches to fishery and survey 
selectivity in the assessment model, as well as alternative forms for the selectivity function.  In addition, 
spatially-explicit approaches that incorporate the differences in survey depth coverage among years 
should be considered.  The utility of potential environmental predictors of recruitment (e.g., temperature) 
should also be investigated. 
 
Summary 
The following table summarizes the assessment results for GOA Dover sole: 
 

Tier 3a  
  
Reference mortality rates  
M 0.085 yr-1  
F40% 0.142  
F35% 0.184  
  
Equilibrium female spawning biomass 
B100% 54,017 t  
B40% 21,607 t  
B35% 19,906 t  
  
Fishing rates  
FOFL 0.184  
FABC (maximum permissible) 0.142  
FABC (recommended) 0.142  
  
Projected biomass 2006 2007 
Age 3+ biomass 132,297 t 134,079 t 
Female spawning biomass 41,922 t 42,262 t 
  
Harvest limits 2006 2007 
OFL 10,764 t 10,778 t 
ABC (maximum permissible) 8,482 t 8,494 t 
ABC (recommended) 8,482 t 8,494 t 

 



Literature Cited 
 
Abookire, A. A. and B. J. Macewicz. 2003. Latitudinal variation in reproductive biology and growth of 

female Dover sole (Microstomus pacificus) in the Nort Pacific, with emphasis on the Gulf of 
Alaska stock. J. Sea Res. 50: 187-197. 

 
Buckley, T.W., G.E. Tyler, D.M. Smith and P.A. Livingston. Food habits of some commercially 

important groundfish off the costs of California, Oregon, Washington, and British Columbia. U.S. 
Dep. Commer., NOAA Tech. Memo. NMFS-AFSC-102, 173 p. 

 
Demory, R.L., J.T. Golden and E.K. Pikitch. 1984. Status of Dover sole (Microstomus pacificus) in 

INPFC Columbia and Vancouver areas in 1984. Status f Pacific Coast Groundfish Fishery and 
Recommendations for Management in 1985. Pacific Fishery Management Council. Portland, 
Oregon 97201. 

 
Fournier, D.A. and C.P. Archibald. 1982. A general theory for analyzing catch-at-age data. Can. J. Fish. 

Aquat. Sci. 39:1195-1207. 
 
Greiwank, A. and G.F. Corliss (ed.s). 1991. Automatic differentiation of algorithms: theory, 

implementation and application. Proceedings of the SIAM Workshop on the Automatic 
Differentiation of Algorithms, held Jan 6-8, Breckenridge, CO. Soc., Indust. and Applied 
Mathematics, Philadelphia. 

 
Hart, J.L. 1973. Pacific fishes of Canada. Fish. Res. Board Canada, Bull. No. 180. 740 p. 
 
Hirschberger, W.A. and G.B. Smith. 1983. Spawning of twelve groundfish species in the Alaska and 

Pacific coast regions. 50 p. NOAA Tech. Mem. NMFS F/NWC-44. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv. 

 
Hoenig, J. 1983. Empirical use of longevity data to estimate mortality rates. Fish. Bull. 82:898-903. 
 
Kendall, A.W. Jr. and J.R. Dunn. 1985.  Ichthyoplankton of the continental shelf near Kodiak Island, 

Alaska. NOAA Tech. Rep. NMFS 20, U.S. Dep. Commer., NOAA, Natl. Mar. Fish. Serv. 
 
Livingston, P.A. and B.J. Goiney. 1983. Food habits literature of North Pacific marine fishes: a review 

and selected bibliography. NOAA Tech. Mem. NMFS F/NWC-54, U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv. 

 
Markle, D.F., P.M. Harris and C.L. Toole.  1992. Metamorphosis and an overview of early life-history 

stages in Dover sole Microstomus pacificus. Fish. Bull. 90:285-301. 
 
Martin, M.H. and D.M. Clausen. 1995. Data report: 1993 Gulf of Alaska Bottom Trawl Survey. U.S. 

Dept. Commer., NOAA, Natl. Mar. Fish. Serv., NOAA Tech. Mem. NMFS-AFSC-59, 217p. 
 
Methot, R.D. 1990. Synthesis model: An adaptable framework for analysis of diverse stock assessment 

data. Intl. N. Pac. Fish. Comm. Bull. 50:259-277. 
 
Miller, D.J. and R.N. Lea. 1972.Guide to the coastal marine fishes pf California. Calif. Dept. Fish. Game, 

Fish. Bull. 157, 235 p. 
 



Press, W.H., A.A. Teukolsky, W.T. Vetterling and B.P. Flannery. 1992.  Numerical Recipes in C. Second 
Ed. Cambrige Univ. Press. 994 p. 

 
Stein, D.L., B.N. Tissot, M.A. Hixon and W. Barss. 1992. Fish-habitat associations on a deep reef edge of 

the regon continental shelf. Fish. Bull., U.S., 90:540-551. 
 
Thompson, G.G., H. H. Zenger and M. W. Dorn. 2004. Chapter 2:Assessment of the Pacific Cod Stock in 

the Gulf of Alaska. In Stock Assessment and Fishery Evaluation Document for Groundfish 
Resources in the Gulf of Alaska as Projected for 2005. pp. 131-232.  North Pacific Fishery 
Management Council, P.O. Box 103136, Anchorage AK 99510. 

 
Turnock, B.J., T.K. Wilderbuer and E. S. Brown. 2003a. Gulf of Alaska Dover sole. In Stock Assessment 

and Fishery Evaluation Document for Groundfish Resources in the Gulf of Alaska as Projected 
for 2004. pp. 341-368.  North Pacific Fishery Management Council, P.O. Box 103136, 
Anchorage AK 99510. 

 
Turnock, B.J., T.K. Wilderbuer and E. S. Brown. 2003b. Arrowtooth flounder. In Stock Assessment and 

Fishery Evaluation Document for Groundfish Resources in the Gulf of Alaska as Projected for 
2004. pp. 377-406.  North Pacific Fishery Management Council, P.O. Box 103136, Anchorage 
AK 99510. 

 
Westrheim, S.J., W.H. Barss, E.K. Pikitch, and L.F. Quirollo. 1992. Stock Delineation of Dover Sole in 

the California-British Columbia Region, Based on Tagging Studies Conducted during 1948-1979. 
North American Journal of Fisheries Management 12:172-181. 

 



Tables 
 
Table 4a.1.  Annual catch of Dover sole in the Gulf of Alaska, 1984-2005.  2005 catch is through Sept. 
24, 2005. 

year catch (t) 
1984 132 
1985 43 
1986 23 
1987 56 
1988 1,087 
1989 1,521 
1990 2,348 
1991 9,741 
1992 8,364 
1993 3,804 
1994 3,053 
1995 2,082 
1996 2,178 
1997 3,659 
1998 2,174 
1999 2,263 
2000 957 
2001 536 
2002 559 
2003 946 
2004 681 
2005 400 

 
 
Table 4a.2.  Recent ABCs, TACs, OFLs and catch for deep-water flatfish.  2005 catch is as of Sept. 24, 
2005. 

Year 

ABC 
(t) 

TAC 
(t) 

OFL 
(t) 

Total 
Catch 

(t) 
Changes to assessment measures 

1995 14,590 11,080 17,040 2,082  
1996 14,590 11,080 17,040 2,178  
1997 7,170 7,170 9,440 3,659  
1998 7,170 7,170 9,440 2,174  
1999 6,050 6,050 8,070 2,263  
2000 5,300 5,300 6,980 957  
2001 5,300 5,300 6,980 536  
2002 4,880 4,880 6,430 559  
2003 4,880 4,880 6,430 946  
2004 6,070 6,070 8,010 681 Age-structured model adopted for assessment. 
2005 6,820 6,820 8,490 400  

 



Table 4a.3.  Recent closures of the deepwater flatfish fishery by management area. Open = fishery opens. 
Bycatch (hal.) = directed fishery closed due to halibut PSC limits. 
 

 Western Gulf Central Gulf West Yakutat 
Year Date Measure Date Measure Date Measure 

Southeast 

2000 1-Jan Bycatch 20-Jan open 20-Jan open Closed to trawling 
   13-May bycatch (hal.) 13-May bycatch (hal.)  
   4-Jul open 4-Jul open  
   23-Aug bycatch (hal.) 23-Aug bycatch (hal.)  
   1-Oct open 1-Oct open  

2001 20-Jan open 20-Jan open 20-Jan open Closed to trawling 
 25-May bycatch (hal.) 25-May bycatch (hal.) 25-May bycatch (hal.)  
 1-Jul open 1-Jul open 1-Jul open  
 23-Jul bycatch (hal.) 23-Jul bycatch (hal.) 23-Jul bycatch (hal.)  
 1-Oct open 1-Oct open 1-Oct open  

2002 20-Jan open 20-Jan open 20-Jan open Closed to trawling 
 24-May bycatch (hal.) 24-May bycatch (hal.) 24-May bycatch (hal.)  
 30-Jun open 30-Jun open 30-Jun open  
 2-Aug bycatch (hal.) 2-Aug bycatch (hal.) 2-Aug bycatch (hal.)  
 1-Oct open 1-Oct open 1-Oct open  
 13-Oct bycatch (hal.) 13-Oct bycatch (hal.) 13-Oct bycatch (hal.)  
 6-Nov open 6-Nov open 6-Nov open  
 10-Nov bycatch (hal.) 10-Nov bycatch (hal.) 10-Nov bycatch (hal.)  

2003 20-Jan open 20-Jan open 20-Jan open Closed to trawling 
 16-May bycatch (hal.) 16-May bycatch (hal.) 16-May bycatch (hal.)  
 29-Jun open 29-Jun open 29-Jun open  
 15-Oct bycatch (hal.) 15-Oct bycatch (hal.) 15-Oct bycatch (hal.)  

2004 20-Jan open 20-Jan open 20-Jan open Closed to trawling 
 19-Mar bycatch (hal.) 19-Mar bycatch (hal.) 19-Mar bycatch (hal.)  
 1-Apr open 1-Apr open 1-Apr open  
 26-Apr bycatch (hal.) 26-Apr bycatch (hal.) 26-Apr bycatch (hal.)  
 4-Jul open 4-Jul open 4-Jul open  
 25-Jul bycatch (hal.) 25-Jul bycatch (hal.) 25-Jul bycatch (hal.)  
 1-Oct open 1-Oct open 1-Oct open  
 1-Oct bycatch (hal.) 1-Oct bycatch (hal.) 1-Oct bycatch (hal.)  
2005* 20-Jan open 20-Jan open 20-Jan open Closed to trawling 
as of  23-Mar bycatch (hal.) 23-Mar bycatch (hal.) 23-Mar bycatch (hal.)  
9/27/05 1-Apr open 1-Apr open 1-Apr open  
 8-Apr bycatch (hal.) 8-Apr bycatch (hal.) 8-Apr bycatch (hal.)  
 24-Apr open 24-Apr open 24-Apr open  
 3-May bycatch (hal.) 3-May bycatch (hal.) 3-May bycatch (hal.)  
 5-Jul open 5-Jul open 5-Jul open  
 24-Jul bycatch (hal.) 24-Jul bycatch (hal.) 24-Jul bycatch (hal.)  
 1-Sep open 1-Sep open 1-Sep open  
 4-Sep bycatch (hal.) 4-Sep bycatch (hal.) 4-Sep bycatch (hal.)  
 8-Sep open 8-Sep open 8-Sep open  
 10-Sep bycatch (hal.) 10-Sep bycatch (hal.) 10-Sep bycatch (hal.)  
 1-Oct open 1-Oct open 1-Oct open  
 1-Oct bycatch (hal.) 1-Oct bycatch (hal.) 1-Oct bycatch (hal.)  
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Table 4a.5.  Sample sizes: a) sample sizes for length compositions from the domestic fishery and b) 
sample sizes for estimated biomass, age and size compositions from the GOA groundfish survey. 
 
a). Fishery length compositions.  Length compositions were not created for 1990 or 2005. 

year 
# 

Individuals 
# 

Hauls 
1990 249 2 
1991 1079 20 
1992 368 11 
1993 1454 27 
1994 1786 26 
1995 1465 23 
1996 1423 23 
1997 2326 41 
1998 2056 48 
1999 1220 62 
2000 899 48 
2001 713 44 
2002 277 15 
2003 415 27 
2004 625 33 
2005 12 2 

 
 
b).  GOA groundfish surveys. 

 Biomass Age Samples Length Samples 

year 
# 

Hauls 
# 

Individuals 
# 

Hauls 
# 

Individuals 
# 

Hauls 
1984 929 464 13 10147 217 
1987 783   5230 84 
1990 708   7435 195 
1993 775 252 35 10275 320 
1996 807 383 66 7206 414 
1999 764 353 65 6926 388 
2001 489 543 131 1960 187 
2003 809   6741 394 
2005 839   7272 440 

 



Table 4a.6.  Biomass estimates and standard errors from NMFS bottom trawl surveys.  Survey depth 
coverage represents the maximum depth surveyed.  In 2001, the eastern GOA was not surveyed, nor were 
strata > 500 m depth.  Availability is the estimated fraction of total biomass covered in a survey (Turnock 
et al, 2003).  Corrected biomass scales survey biomass to standard area. 

year 
Survey 

Biomass 
(t) 

Std. 
Error Availability 

Corrected 
Biomass 

(t) 

Survey 
Depth 

Coverage 
1984 68,521 6,136 1 68,521 1-1000 m 
1987 63,394 7,388 1 63,394 1-1000 m 
1990 96,597 12,375 0.82 117,801 1-500 m 
1993 85,549 6,441 0.82 104,329 1-500 m 
1996 79,531 5,624 0.82 96,989 1-500 m 
1999 74,245 5,236 1 74,245 1-1000 m 
2001 32,424 3,758 0.42 77,200 1-500 m 
2003 99,297 10,544 1 99,297 1-700 m 
2005 80,537 6,794 1 80,537 1-1000 m 

 
 
Table 4a.7.  Survey biomass estimates (t) by depth strata for each survey year. 

 Depth range     
year 1-100 101-200 201-300 301-500 501-700 701-1000 
1984 2,829 30,220 7,928 6,822 8,166 12,557 
1987 4,401 25,831 12,039 8,934 10,542 1,647 
1990 12,290 57,774 19,985 6,549   
1993 4,760 43,999 19,930 16,861   
1996 6,561 37,856 18,101 17,013   
1999 6,431 28,549 19,576 12,317 6,049 1,323 
2001 3,803 16,294 7,491 4,836   
2003 10,154 45,181 17,832 13,593 12,537  
2005 6,654 32,613 17,674 17,774 3,134 2,689 

 
 
Table 4a.8.  Survey biomass by area.  In 2003, the survey was not conducted in the Yakutat and 
Southeastern areas.  Shading denotes surveys with full depth coverage (1-1000 m). 

 Survey area    
year Shumagin   Chirikof   Kodiak     Yakutat    Southeastern   
1984 4,460 15,502 36,967 7,516 4,076 
1987 2,623 16,500 18,077 21,067 5,127 
1990 1,649 26,113 44,996 18,699 5,140 
1993 2,371 13,244 30,271 26,877 12,787 
1996 1,458 12,429 24,715 29,766 11,162 
1999 1,442 9,716 24,439 25,647 13,001 
2001 895 13,850 17,679   
2003 3,149 15,882 33,401 31,609 15,256 
2005 2,832 12,358 26,524 25,177 13,646 
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Table 4a.12.  Weight-at-age and maturity-at-age for Dover sole in the Gulf of Alaska. 

 
 



Table 4a.13. Baseline model settings. 
 

 Likelihood Component Multipliers 
  Fishery Survey Recruitment 

Case Q catch 
length 

compositions biomass 
length 

compositions 
age 

compositions early ordinary late 

base 1 30 0.5 1 0.5 1 2 1 3 
 
   
Table 4a.14. Initial parameter values.  Values not listed are identical to the corresponding values in the 
base case.   
 

     Fishery Survey 
Case     slope A50 slope A50 

 
0lnR  τt Fln  εt f m f m female male female male 

base 15 0 -5 0 12.55 12.55 20.5 20.5 12.55 12.55 20.5 20.5 
1 18    0.5 0.5 5 5     
2 12        4.5 4.5 5 5 
3   -2  5 5   0.2 0.2 15 15 

 
Table 4a.15. Final parameter estimates. 

0lnR  15.977948  

τt 

 -----------------------------Sequence # for range of years------------------------------ 
 1 2 3 4 5 6 7 8 9 0 

1941-1950:       -0.8726 -0.1313 -0.1429 -0.1550 
1951-1960: -0.1671 -0.1797 -0.1927 -0.2060 -0.2197 -0.2337 -0.0717 -0.0726 -0.0722 0.0104 
1961-1970: 0.0232 0.0268 -0.0158 0.0019 0.3750 0.5139 0.2463 0.1500 0.2356 0.1221 
1971-1980: 0.2246 0.2295 0.1791 0.4376 0.1077 0.4095 -0.0162 0.4275 0.6963 0.3686 
1981-1990: 0.5004 0.1606 0.0222 0.3003 -0.0155 0.2220 -0.0101 -0.3126 -0.5172 -0.5093 
1991-2000: -0.4918 -0.8781 -0.7170 -0.2306 -0.9156 -0.2932 0.2862 0.1995 -0.1443 0.1003 
2001-2005: -0.3040 0.9602 0.5482 0.0097 -0.0067       

Fln  -4.538197  

εt 

 -----------------------------Sequence # for range of years------------------------------ 
 1 2 3 4 5 6 7 8 9 0 

1981-1990:    -1.9542 -3.0599 -3.6746 -2.8474 0.0039 0.3099 0.7040 
1991-2000: 2.0469 1.9707 1.2775 1.1015 0.7555 0.8191 1.3250 0.8827 0.9725 0.1983 
2001-2005: -0.3251 -0.2641 0.2836 -0.0026 -0.5233       

 Fishery Selectivity  
 A50 slope   

females  13.45 24.96 
males 10.98 20.75 

   
 Full Coverage Survey Selectivity Shallow Survey Selectivity 
 A50 slope  A50 slope  

females  16.78 0.11 9.44 0.18 
males 12.83 0.13 3.94 1.44 



Table 4a.16.  Model-estimated catch and survey biomass. 
 

 ------------catch (t)------------- ------survey biomass (t)----- 
year estimated std dev observed estimated std dev observed 

1984 141 18 132 89,126 4,684 68,521 
1985 48 6 43 90,353 4,624  
1986 26 3 23 91,638 4,571  
1987 62 8 56 92,640 4,512 63,394 
1988 1,071 135 1,087 93,319 4,444  
1989 1,474 185 1,521 92,990 4,341  
1990 2,223 278 2,348 112,580 4,471 96,597 
1991 8,165 985 9,741 90,514 4,073  
1992 7,167 873 8,364 84,518 3,755  
1993 3,417 421 3,804 95,228 3,928 85,549 
1994 2,787 345 3,053 76,568 3,307  
1995 1,956 244 2,082 74,097 3,161  
1996 2,033 253 2,178 85,134 3,635 79,531 
1997 3,279 403 3,659 70,769 2,928  
1998 2,028 253 2,174 68,417 2,800  
1999 2,128 267 2,263 66,978 2,727 74,245 
2000 939 119 957 65,707 2,688  
2001 539 68 536 39,635 1,945 32,424 
2002 560 71 559 66,021 2,730  
2003 933 118 946 66,710 2,813 99,297 
2004 679 86 681 67,165 3,001  
2005 407 52 400 67,917 3,238 80,537 

 



Table 4a.17.  Estimated age 3+ population biomass and female spawning biomass. 
 2005 SAFE 2003 SAFE 

 
Age 3+ Biomass (1000's 

t) 
Female Spawning Biomass 

(1000's t) 
Age 3+ Biomass 

(1000's t) 
Female Spawning 
Biomass (1000's t) 

year mean std dev mean std dev mean mean 
1984 171.7 7.6 58.0 3.3 168.4 55.9 
1985 172.3 7.5 59.1 3.2 168.9 57.2 
1986 173.4 7.5 60.3 3.2 169.1 58.6 
1987 173.4 7.4 61.6 3.1 168.6 60.2 
1988 172.4 7.4 62.9 3.0 167.0 61.8 
1989 169.5 7.3 63.7 3.0 163.5 62.8 
1990 165.6 7.2 64.1 3.0 158.8 63.3 
1991 160.5 7.1 63.8 2.9 153.0 63.0 
1992 148.9 6.8 60.1 2.9 139.6 58.4 
1993 138.6 6.6 56.9 2.8 127.7 54.3 
1994 133.0 6.5 55.5 2.8 120.9 52.5 
1995 127.1 6.4 54.4 2.8 114.7 50.9 
1996 123.2 6.3 53.4 2.8 110.0 49.6 
1997 121.0 6.3 52.1 2.7 106.6 48.0 
1998 118.1 6.4 49.9 2.7 102.6 45.3 
1999 116.4 6.6 48.1 2.6 100.3 43.3 
2000 115.6 7.0 46.2 2.6 97.8 41.1 
2001 115.3 7.3 44.9 2.5 96.9 39.7 
2002 120.5 8.8 43.9 2.5 96.8 38.6 
2003 124.3 9.3 43.1 2.5 97.2 37.6 
2004 127.1 10.4 42.2 2.4   
2005 130.0 11.3 41.9 2.5   
 
Table 4a.18.  Estimated age 3 recruitment for GOA Dover sole. 

 2005 SAFE 2003 SAFE 

Year 
Mean Recruitment 

(millions) 
std dev 

(millions) 
Mean Recruitment 

(millions) 
1984 23.5 4.2 18.5 
1985 17.1 3.3 14.8 
1986 21.7 3.6 18.9 
1987 17.2 2.8 14.2 
1988 12.7 2.4 10.5 
1989 10.4 2.0 8.6 
1990 10.4 2.0 8.8 
1991 10.6 2.1 8.8 
1992 7.2 1.7 5.5 
1993 8.5 2.0 6.8 
1994 13.8 3.0 10.5 
1995 7.0 2.0 5.1 
1996 13.0 3.0 11.3 
1997 23.1 4.6 18.6 
1998 21.2 4.5 16.8 
1999 15.0 4.0 11.3 
2000 19.2 6.7 10.8 
2001 12.8 5.8 12.2 
2002 45.4 29.9 15.9 
2003 30.1 13.3 16.8 
2004 17.6 7.0  
2005 17.3 6.5  



Table 4a.19.  Mean catch (t) for the seven projection scenarios. 
 
  Catch (t) 

year 
scenario 

1 
scenario 

2 
scenario 

3 
scenario 

4 
scenario 

5 
scenario 

6 
scenario 

7 
2005 624 624 624 624 624 624 624 
2006 8,482 8,482 4,387 601 0 10,764 8,482 
2007 7,524 7,524 4,153 602 0 9,191 7,524 
2008 7,011 7,011 4,085 622 0 8,304 8,898 
2009 6,509 6,509 3,982 634 0 7,504 7,964 
2010 6,314 6,314 3,998 659 0 7,155 7,511 
2011 6,302 6,302 4,092 694 0 7,063 7,338 
2012 5,884 5,884 3,962 697 0 6,474 6,686 
2013 6,255 6,255 4,215 750 0 6,917 7,081 
2014 6,193 6,193 4,248 773 0 6,801 6,927 
2015 5,837 5,837 4,120 773 0 6,323 6,420 
2016 5,538 5,538 4,002 771 0 5,937 6,011 
2017 5,291 5,291 3,896 770 0 5,613 5,676 
2018 5,085 5,085 3,802 768 0 5,309 5,362 

 
 
Table 4a.20.  Mean female spawning biomass (t) for the seven projection scenarios.  The values of B40% 
and B35% are 21,607 t and 18,906 t, respectively. 
 
 Female spawning biomass (t) 

year 
scenario 

1 
scenario 

2 
scenario 

3 
scenario 

4 
scenario 

5 
scenario 

6 
scenario 

7 
2005 41,884 41,884 41,884 41,884 41,884 41,884 41,884 
2006 41,922 41,922 41,922 41,922 41,922 41,922 41,922 
2007 38,072 38,072 40,254 42,275 42,596 36,858 38,072 
2008 35,318 35,318 39,135 42,904 43,524 33,307 35,318 
2009 33,353 33,353 38,474 43,842 44,753 30,790 32,364 
2010 32,137 32,137 38,293 45,123 46,317 29,201 30,429 
2011 31,598 31,598 38,521 46,638 48,100 28,447 29,402 
2012 31,333 31,333 38,847 48,128 49,846 28,058 28,799 
2013 31,186 31,186 39,096 49,374 51,330 27,880 28,453 
2014 30,385 30,385 38,841 50,250 52,468 26,942 27,385 
2015 29,257 29,257 38,256 50,805 53,294 25,670 26,013 
2016 28,144 28,144 37,555 51,132 53,879 24,482 24,746 
2017 27,122 27,122 36,817 51,298 54,288 23,442 23,645 
2018 26,218 26,218 36,090 51,356 54,571 22,573 22,727 

  



Table 4a.21.  Mean fishing mortality for the seven projection scenarios. 
 
 Fishing mortality 

year 
scenario 

1 
scenario 

2 
scenario 

3 
scenario 

4 
scenario 

5 
scenario 

6 
scenario 

7 
2005 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 
2006 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1418 
2007 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1418 
2008 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1835 
2009 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1835 
2010 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1835 
2011 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1835 
2012 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1835 
2013 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1835 
2014 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1835 
2015 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1835 
2016 0.1418 0.1418 0.0709 0.0094 0.0000 0.1835 0.1835 
2017 0.1418 0.1418 0.0709 0.0094 0.0000 0.1828 0.1830 
2018 0.1418 0.1418 0.0709 0.0094 0.0000 0.1801 0.1806 

 



Figures 

 
Figure 4a.1.  Catch history for Dover sole in the Gulf of Alaska. 
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Figure 4a.2.  Estimated biomass and 95% CIs from NMFS Gulf of Alaska groundfish trawl surveys.  
“Survey biomass” values are uncorrected for differences in coverage by depth or region.  “Corrected 
biomass” values are scaled for differences in survey coverage. 
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Figure 4a.3.  Survey length compositions by depth range for male Dover sole from the 2005 survey.  
Depth range 1-500 m = blue bars; 500-1000 m = yellow bars.



 
Figure 4a.4.  Growth for GOA Dover sole: females solid line, males dotted line. 
 

 
Figure 4a.5.  Selectivities for GOA Dover sole for the fishery (solid line) and surveys (full coverage 
surveys = dashed red lines, shallow surveys = dotted blue lines).  Curves corresponding to males are 
indicated by triangles, plain curves correspond to females.  



 
Figure 4a.6.  Predicted and observed annual catches for GOA Dover sole.  Predicted catch = solid line, 
observed catch = dotted line with circles. 



 
Figure 4a.7. Fits to female GOA Dover sole fishery length composition data.  Dashed lines represent the 
model prediction, solid lines represent the data. 



 
Figure 4a.8. Fits to male GOA Dover sole fishery length composition data.  Dashed lines represent the 
model prediction, solid lines represent the data. 



 
Fig. 4a.9.  Predicted and observed survey biomass for GOA Dover sole.  Predicted survey biomass = 
triangles, observed survey biomass = circles (error bars are approximate lognormal 95% confidence 
intervals).  Observed survey biomass has been corrected for differences in availability (see Fig. 4a.2). 



 
Figure 4a.10. Fit to the female GOA Dover sole survey length composition data.  Dashed lines represent 
the model prediction, solid lines represent the data. 



 
Figure 4a.11. Fit to the male GOA Dover sole survey length composition data.  Dashed lines represent the 
model prediction, solid lines represent the data. 



 

 
 
Figure 4a.12. Fit to the female survey GOA Dover sole age composition data.  Dashed lines represent the 
model prediction, solid lines represent the data. 



 
 
Figure 4a.13. Fit to the male survey GOA Dover sole age composition data.  Dashed lines represent the 
model prediction, solid lines represent the data. 



 
Figure 4a.14.  Estimated age 3+ biomass (circles) and female spawning biomass (triangles) for GOA 
Dover sole. Error bars are approximate lognormal 95% confidence intervals. 

 
Figure 4a.15. Estimated age 3 recruitments of GOA Dover sole with approximate 95% lognormal 
confidence intervals.  Horizontal line is mean recruitment. 



 
Figure 4a.16.  Control rule plot of estimated fishing mortality versus estimated female spawning biomass 
for GOA Dover sole.  FOFL = horizontal solid line, Fmax ABC = horizontal dashed line.  B35% = vertical solid 
line, B40% = vertical dashed line. 
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Figure 4a.17.  Comparison of estimated age 3 recruitments for the “accepted model” (AM) and the 
“constrained recruitment” model (CRM). 
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Figure 4a.18.  Comparison of estimated female spawning biomass for the “accepted model” (AM) and the 
“constrained recruitment” model (CRM). 



 

 

 

 
 
Figure 4a.19.  Annual patterns of Dover sole catch in the fishery for 2003-2005 (from NMFS Observer 
Program data). 
 



Appendix A. 
Table A.1.  List of variables and their definitions used in the model.  
Variable Definition 
T number of years in the model 
A number of age classes 
L number of length classes 
t time index (1984≤t≤2005) 
a age index (1≤a≤A; a=1 corresponds to age 3) 
x sex index (1≤x≤2; 1=male, 2=female) 
l length index (1≤l≤L) 
{tS} set of years for which survey biomass data is available 
{tF,A} set of years for which fishery age composition data is available 
{tF,L} set of years for which fishery length composition data is available 
{tS,A} set of years for which survey age composition data is available 
{tS,L} set of years for which survey length composition data is available 

Lx
l,a 

element of length-age matrix (proportion of sex x fish in age class a that are 
in length class l) 

wx,a mean body weight (kg) of sex x fish in age group a. 
aφ  proportion of females mature at age a 

Rt recruitment in year t 

0lnR  mean value of log-transformed recruitment 

τt recruitment deviation in year t 
Nt,x,a  number of fish of sex x and age class a in year t 
Ct,x,a  catch (number) of fish of sex x and age class a in year t 

pF,A
t,x,a 

proportion of the total catch in year t  
that is sex x and in age class a 

pF,L
t,x,l 

proportion of the total catch in year t  
that is sex x and in length class l 

pS,A
t,x,a 

proportion of the survey biomass in year t  
that is sex x and in age group a 

pS,L
t,x,l 

proportion of the survey biomass in year t  
that is sex x and in age group a 

Ct Total catch in year t (observed) 
Yt total yield(tons) in year t 

Ft,x,a 
instantaneous fishing mortality rate for  
sex x and age group a in year t 

M Instantananeous natural mortality rate 
Fln  mean value of log-transformed fishing mortality 

tε  deviations in fishing mortality rate in year t 

Zt,x,a 
Instantantaneous total mortality for  
sex x and age group a in year t 

sF
x,a fishery selectivity for sex x and age group a 

sS
x,a survey selectivity for sex x and age group a 



Table  A.2.  Model equations describing the populations dynamics. 
  
τt Random deviate associated with recruitment. 

( )ttxt RRN τ+== 01,, lnexp  Recruitment (assumed equal for males and 
females). 
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Table A.3.  Likelihood components. 
Component Description 
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The offset constants for age composition 
components are calculated from the observed 
proportions and the sample sizes.  A similar 
formula is used for length composition component 
offsets. 
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since tτ  is on a log scale. 

2
2005

2003
)(∑

=t
tτ  

“Late” recruitment; uses a lognormal distribution, 
since tτ  is on a log scale. 
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“Early” recruitment; uses a lognormal 
distribution, since tτ  is on a log scale.  Determines 
age composition at starting year of model. 

 



Table A.4.  Fixed parameters in the model. 
Parameter Description 
M = 0.085 Natural mortality 
Q = 1.0 Survey catchability 
Linf , t0 , k , cv of length at age 3 and age 40 
for males and females 

von Bertalanffy Growth parameters 
estimated from the 1984-1996 survey 
length and age data. 

 
 
 
 Table A.5. Estimated parameters for the model.  A total of 72 parameters were estimated in the 
model.   

Parameter Subscript 
range 

Total no. of 
Parameters 

Description 

log(R0) na 1 log of the geometric mean value of age 3 
recruitment 

tτ   
 

20051947 ≤≤ t  59 (22 + 37 from 
initial age composition) 

Recruitment deviation in year t (log-
scale) 

log(f0) Na 1 log of the geometric mean value of 
fishing mortality 

tε     20051984 ≤≤ t
 22 deviations in fishing mortality rate in 

year t 

bF
x , 50AF

x 1≤x≤2 4 
selectivity parameters (slope and age at 
50% selected) for the fishery for males 
and females. 

bS
x , 50AS

x 1≤x≤2 8 

selectivity parameters (slope and age at 
50% selected) for survey data,  for males 
and females.  Curves for shallow and full 
coverage surveys were treated 
separately. 
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